Bursae are closed sacs which are present in sites where tendons rub over bones, ligaments, or other tendons, or where skin moves over bony prominences. It is generally agreed that the main function of bursae is to facilitate the play of one structure upon another. Bursal lubrication is therefore central to normal bursal function. Although bursae have been the subject of detailed anatomical studies,"2 and analyses of the contents of bursal fluid from patients with a variety of rheumatic diseases have been reported,34 information is lacking on the composition of normal human bursal fluid. 5 In the present study we dissected subcutaneous and deep bursae of unfixed cadavers, evaluated the bursal fluid macroscopically, and measured the amount of hyaluronic acid in bursal washings.
Materials and methods
Macroscopic studies. Two subcutaneous bursae (olecranon and prepatellar) and one deep bursa (retrocalcaneal) were dissected on one or both sides in 10 adult male unfrozen cadavers which had previously been refrigerated for a maximum of 48 hours. In each case the bursal lining was observed and the presence of any bursal fluid was noted. The lining was then lightly touched with a finger, which was withdrawn to provide a string sign. 6 Bursal washings. In 5 additional cadavers, which had been preserved as above, the bursae were punctured with a no. 19 butterfly needle and flushed with a syringe 5 times with 6 ml portions of distilled water at room temperature, after which the bursal contents and washings were lyophilysed. The olecranon and prepatellar bursae were flushed through a single needle, while 2 needles were inserted into each retrocalcaneal bursa to allow flushing with 2 syringes. No leakage occurred during the washing procedure. After this procedure the position of the needle was ascertained by sharp dissection, and a sample of the bursal wall at a site some distance from the needle was obtained for routine histological study after staining with haematoxylin-eosin. None of the subjects whose bursae were employed for macroscopic studies or to obtain washings had a history of, or evidence of, joint disease on post-mortem examina-tion, except for one case, patient 4 Measurement of bursal surface area. Casts were obtained by low-pressure injection of several bursae with a 50% solution of plaster-of-Paris.10 After removal of the hardened casts pieces of graph paper, lined in millimeter squares, were cut and apposed to the casts to cover the entire surface, following which the squares were counted to provide a indication of bursal surface area. present in any of these bursae with the exception of the olecranon bursae in one patient who had died with anasarca. The string sign was negative in all cases.
Retrocalcaneal bursae. In each case a trace of highly viscous fluid was present and the bursal fluid string sign measured at least 4 cm.
The histological appearance was normal in every case, and varied with the bursa studied and the topographical location within each bursa. A monolayer of flattened cells overlying dense connective tissue was typically present in the posterior (tendinous) portion of the retrocalcaneal bursa and in the roof of the olecranon bursa (Fig. 1) . Folds and villi were common in the peripheral portions of the olecranon and prepatellar bursae where the sublining tissue was predominantly areolar (Fig. 2) and in the proximal portion of the retrocalcaneal bursa where the supporting tissue was regularly adipose. Blood vessels were most abundant in the areolar or fatty bursal The hyaluronic acid content of the washings of 5 of the 6 retrocalcaneal bursa samples ranged from 142 to 591 nmol hexosamine (Table 1) . Material which stained with alcian blue was present also in the washings of the 6th retrocalcaneal bursa studied, but the identity of the glycosaminoglycans could not be resolved on the electrophoretogram. In contrast to the above, the hyaluronic acid content of the washings from the 4 olecranon bursae studied was considerably lower, and ranged from 35 to 72 nmol of hexosamine, and no hyaluronate was detected in the samples from either of the prepatellar bursae examined. Hyaluronic acid was the only glycosaminoglycan detected in the bursal washings, except for one case (retrocalcaneal bursa washings of subject 5; group.bmj.com on November 7, 2017 -Published by http://ard.bmj.com/ Downloaded from A single retrocalcaneal bursa was studied and had a surface area of approximately 8 cm2.
Discussion
In his classic treatise on bursae Monro stated in 17881 that 'the inner side of the membrane of the bursa is not only smooth but, by the copious secretion of a lubricating liquor, is rendered extremely slippery.' He further described bursal fluid as having 'the same color, consistency and properties as that of the joint.' This view persists in some current textbooks of anatomy,11-13 while others describe differences between the contents of deep and subcutaneous bursae. -`T hus according to Testut and Latarjet"4 deep bursae contain a small amount of unctuous and stringing fluid while subcutaneous bursae contain a transparent fluid analogous to lymph. In assessing Monro's findings it is important to note that his treatise deals only with deep bursae. His observations therefore should not be extrapolated to subcutaneous bursae.
The present study indicates that a fluid similar to joint fluid is indeed found in a normal deep bursa (retrocalcaneal), but not in either of 2 subcutaneous bursae (olecranon, prepatellar). It should be emphasised that the bursae which we chose for study never communicate with joints. In contrast, several other bursae (e.g., gastrocnemius-semimembranosus, iliopsoas, subacromial), especially in the elderly, often communicate with the neighbouring joint.17
Even though there was fluid in every retrocalcaneal bursa examined, it should be emphasised that they were histologically normal. With only a single exception none of the subjects from whom they were obtained had evidence of joint disease, and none had documented complaints referable to the ankle or foot. Furthermore, histological examination was normal in every case.
The relatively large amount of hyaluronic acid which we found in 5 of the 6 retrocalcaneal bursae correlates well with the demonstration of a mucin precipitate ( The magnitude of the difference in surface area between the retrocalcaneal bursae on the one hand and the olecranon and prepatellar on the other was sufficiently great for it to be clear that these superficial bursae are much more capacious than the retrocalcaneal bursa. The data show, therefore, that even though the surface areas of the olecranon and prepatellar bursae were much greater than that of the retrocalcaneal bursa they contained much less hyaluronic acid than the latter.
The present results are consistent with the concept that hyaluronic acid is important for lubrication of the soft tissues of the retrocalcaneal bursa. Other factors, however, may be more important than hyaluronic acid in facilitating the gliding of one surface over the other in the subcutaneous bursae studied herein. Dissection studies have shown that loose areolar tissue is constantly present in the periphery of these bursae, and this may account for much of the gliding of skin over the firmer underlying structures. The paucity of hyaluronic acid may account for the low viscosity and poor quality of mucin observed in bursal fluid from patients with traumatic subcutaneous bursitis.4
